Coronary angiography, which provides a rapid overview and effective road-map during diagnostic and interventional procedures, is not expensive and is widely available. Computerassisted quantitative coronary angiography can be used during interventional procedures to measure absolute and relative dimensions of the stenotic segment, giving precise and reproducible results.12 Methods of assessment of the functional severity of a coronary stenosis based on the integration of multiple anatomical characteristics of the stenotic segment measured with quantitative angiography (minimum luminal cross sectional area and percentage cross sectional area stenosis, length, entrance and exit angles) are cumbersome and correlate poorly with direct measurements of poststenotic flow velocity and pressure ( fig 1) . 34 Measurement of the transstenotic pressure gradient and of coronary flow velocity is not a new approach to the (D obs) and percentage diameter stenosis (9/oD) are 1 14 mm and 1 30 mm, and 56% and 53% respectively. In the lower panels the angiographic measurements are integrated to calculate stenosis flow reserve (SFR) as proposed by Kirkeeide et al. 4 (B) Flow velocity is measured proximal (u,pper panels) and distal (lower panels) to the stenosis with an 0 014 inch Doppler guidewire in baseline conditions and after maximal hyperaemia induced by an intracoronary bolus of 18 ,ug of adenosine. Note that when coronary flow reserve is measured proximal to the stenosis the true flow increase distal to the stenosis is overestimated. The maximal flow increase distal to the stenosis is half the flow increase predicted by angiography and confirms the functional severity of the stenosis. APV, time-averaged peak flow velocity; CFR, coronary flow reserve; SFR, stenotic flow reserve. assessment of stenosis severity. Lately, however, pressure and Doppler transducers mounted at the tip of a guidewire have become available. These can be used to make recordings distal to the stenosis with a minimum obstruction to flow and they give more accurate and reliable measurements.
We review the role and limitations of the measurement of the poststenotic pressure gradient and flow velocity in the functional assessment of stenosis severity and discuss the possibilities offered by the combination of velocity and pressure signals recorded with high-fidelity miniaturised transducers. (20) cm/s after papaverine, city NS). The ratio between mean diastolic and ats) mean systolic flow velocity measured during ire-baseline conditions distal to the stenosis was een 1-51 (0 58) before angioplasty, significantly [ in lower than the ratio measured in 39 normal or ne-nearly normal arteries (2-09 (0 90), P < etic 0 001). After angioplasty, the diastolic to systed tolic flow velocity ratio increased to 2 16 wo, (0 98) (P < 0 001) and was not significantly low different from that in the control group. (14) cm/s, P = 0 04). Coronary flow reserve did not increase significantly after angioplasty in either the distal or proximal part of the coronary artery (P < 0 10). When measured distal to significant stenoses before angioplasty, the diastolic to systolic flow velocity pattern was abnormal, with a low ratio of diastolic to systolic flow (1'3 (05) compared with the ratio recorded in patients without significant stenoses (1-8 (0'5), P < 0-01).
Normal phasic velocity patterns with a significant increase in diastolic to systolic flow velocity ratio (1 9 (0 6), P < 0-01), were seen within 10-15 minutes of successful balloon angioplasty. In the proximal vessel, the phasic diastolic to systolic flow pattern was not significantly different from the pattern seen in normal vessels (diastolic to systolic flow velocity ratio 1-8 (0 8) proximal to stenosis v 1-8 (05) in normal vessels, NS) and the diastolic to systolic flow velocity ratio did not increase significantly after angioplasty (NS). Similar findings were reported by Ofili et al19 who found a significant increase in the total velocity integral and the peak diastolic velocity during hyperaemia in the distal velocity measurements after angioplasty. The mean and peak diastolic velocities during hyperaemia were also significantly higher in the proximal and distal stenotic regions than before angioplasty. An additional indicator of a satisfactory result was the improvement in the ratio of proximal to distal mean velocity which correlated with the angiographic success of the procedure. The distal mean velocity increased 200% compared with 90% for prox- Experimental and intraoperative human studies have shown that the contribution of the systolic components is increased distal to a stenosis.37-40 The ratio of distal diastolic to systolic velocity was significantly different in normal arteries and arteries with significant stenosis'74142 and in arteries examined before and after coronary angioplasty.17-'9 The application of this index to the assessment of the haemodynamic severity of individual stenoses is limited by the different patterns seen in the right and left coronary arteries (fig 4) and the variability of the diastolic to systolic flow velocity ratio and of the changes in this ratio caused by changes in cardiac contractility.
Proximal to distal velocity ratio There is a moderate decrease in mean velocity, inversely proportional to the moderate increase in total cross sectional area, from the proximal to the distal segments in the epicardial coronary arteries42 ( fig 5) . This uniform pattern of velocity decrease in normal epicardial arteries is drastically modified in the presence of significant coronary stenoses, which reduce the poststenotic velocity by redistributing flow in the lower resistance branches proximal to the stenosis. The ratio of proximal to distal mean velocity was significantly lower in normal arteries than in arteries with significant stenoses (1 1 (02) v 2-4 (07), P < 0O001).43 A trend towards a normalisation of the proximal to distal velocity ratio has also been observed after coronary angioplasty.'819 Despite these significant differences in the total population studied, there was considerable overlap -between patients with flow-limiting coronary stenoses and those without. Furthermore, if there are no important side branches between site of proximal measurement and the stenosis (for example, with very proximal stenosis or stenosis of the middle segment of the right coronary artery or with bypass grafts) flow cannot be redistributed and, according to the principle of continuity of flow, proximal and distal flow will be constant. (fig 6) . With a cut-off value of < 0'8 cm s-.mm HgI, the sensitivity and specificity of this index for detecting the absence of a > 30% diameter stenosis were 95% and 91%, respectively, with a sensitivity slightly greater than that of coronary flow reserve. The assessment of a larger group of patients with flow limiting stenoses is required to establish the potential advantage of IHD-VPS over CFR in the assessment of an impairment of coronary conductance. Other studies are needed to determine the value of this index for the assessment of changes of coronary conductance after coronary interventions. Compared with CFR the IHDVPS has the advantage of being independent of haemodynamic changes and changes in baseline velocity.
The measurement of the relation between proximal coronary pressure and flow velocity distal to the stenosis explores both the changes in coronary conductance caused by the presence of a stenosis and the vasodilatory capacity of the distal coronary circulation. An independent assessment of these two components can be obtained if the pressure distal to the stenosis can be measured simultaneously. In a series of animal experiments performed by Gould the relation between transstenotic pressure and flow velocity showed an excellent correlation with the severity of experimentally induced coronary stenoses. 47 The simultaneous measurement of the transstenotic pressure gradient and flow velocity has several practical advantages. The possible misinterpretation of a low flow increase during maximal vasodilatation is avoided because the simultaneous recording of the transstenotic pressure gradient discriminates between a low flow increase caused by haemodynamically severe stenosis (high pressure gradient) and a low flow increase caused by an impairment of the distal vasodilatory mechanisms or by competition of flow through a well-developed collateral circulation (low pressure gradient). Conversely, when maximum flow is low because of factors not dependent on the stenosis resistance, the measurement of a low transstenotic pressure gradient can be misleading by suggesting the presence of a non-significant stenosis.
Though the maximum flow and consequently the maximal transstenotic gradient are also determined by factors that are independent of the stenosis resistance, the pressure gradient/flow relation is intimately correlated with stenosis haemodynamics. A high-fidelity pressure transducer mounted on an angioplasty guidewire has been used in combination with a separate Doppler guidewire in humans"74"'9 ( fig 2) . The 
